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Abstract 

Worldwide artificial recharging of groundwater by using the 
suitable recharge structure is carried out to augment the 
amount of groundwater available and increase the natural 
replenishment or percolation of surface waters into 
groundwater aquifers. But the construction of different 
recharge structures in arid and semi-arid has not been 
proved worthwhile, as these structures are not properly 
constructed and their infiltration and purification capacity is 
extremely low under natural conditions. In the present study 
two artificial recharge structures that are vertical and 
horizontal shafts equipped with artificial sets of lithologies 
and non woven geotextile and geogrid were designed and 
tested. Both the lithologies were tested continuously for a 
month for extremely important water quality parameters i.e. 
pH, Turbidity, Total suspended solids (TSS), Conductivity, 
fluoride, chloride and Biochemical Oxygen Demand (BOD) 
and the lithology-II designed for horizontal shaft 
outperformed lithology-I, due to the successful removal of 
pH, Turbidity, Total suspended solids (TSS), Conductivity, 
fluoride, chloride and BOD by 10.10%, 72.53%, 77.44%, 
85.50%, 76.70%, 58.12% and 70.9% respectively. The recharge 
structures show very high infiltration and purification 
capacities and their overall performances are much better 
than the prevailing recharge structures. These structures are 
fully capable of utilizing surface runoff caused by 
precipitation and also handle the excess discharge conditions 
during storm events. The development and design of such 
structures can improve the efficiency and efficacy of any 
ground water recharge plan. 

Keywords 

Geotextile; Vertical and Horizontal Shaft; Artificial Lithologies; 
Groundwater Recharge; Arid and Semiarid Regions 

Introduction 

The continued escalation in water demand and 
lowering of groundwater levels in arid and semi-arid 
areas is one of the biggest problems worldwide. In 
different parts of the world erratic monsoon pattern 



prevails especially in the arid and semi-arid regions 
and scarcity of surface water resources has increased 
the dependence on groundwater manifold in the 
recent years. Groundwater, an important source of 
water comprises more than 98% of the entire world's 
liquid fresh water (Bouwer, 1978). Water scarcity 
problem is severe especially in the urban and rural 
areas where over exploitation of groundwater 
resources has been carried out in the absence of any 
surface water resources like rivers, lakes, ponds and 
dam reservoirs etc. Once groundwater is pumped 
from the water-table aquifer at rates sufficient to lower 
water levels the problem of water depletion starts and 
sometime it completely exploit the aquifers. Studies 
carried out in arid and semi-arid areas in Africa 
continent (Maarten and Stankiewicz, 2006, Nyong, 
2005) show that by the year 2050 the rainfall in Sub- 
Saharan Africa could drop by 10%, which will cause a 
major water shortage. This 10% decrement in 
precipitation would reduce drainage by 17% and the 
regions which are receiving 500 to 600 mm/year 
rainfall will experience a reduction by 50 % to 30% in 
the surface drainage. The possibility of the similar 
types of impact in other parts of the world is high 
therefore, it becomes imperative to implement 
effective water resource management plan in critical 
areas. Studies have shown that induced recharge can 
be achieved by placing wells relatively close to 
streams or rivers, so that more river water is pulled 
into the aquifer as water tables near the streams are 
lowered by pumping the wells (Kuhn, 1999). Further, 
field studies of direct surface recharge techniques have 
shown that the factors governing the amount of water 
that will enter the aquifer, the amount of sediment in 
the recharge water, the area of recharge and the length 
of time that water is in contact with the soil are the 
most important (Todd, 1980). Several hydrogeological 
studies have been carried out not only in alluvial 
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plains but also in hard rock terrain (Saraf and 
Choudhury, 1998; Rao et al, 2001) to delineate 
groundwater potential zones and sites suitable for 
artificial recharge structures. 

The implementation and performance of any water 
resource management plan depend on the site 
suitability, resource and effective recharge structures. 
The prevailing recharge structures are totally depend 
on the natural site conditions with limited infiltration 
and purification capacity. Moreover the frequent 
water logging within the recharge structures and in 
the surrounding areas are the major problems 
associated with these structures. In majority of the 
places construction of such structures has failed to 
recharge the groundwater aquifers and address the 
problems of water scarcity (Misra, 2013). Under this 
study two recharge structures that are vertical shafts 
and horizontal shafts were designed. For both the 
shafts two artificial sets of lithologies equipped with 
geotextile and geogrids were designed and tested. 
Studies carried out to analyze (Aydilek and Edil, 2002; 
Grefe 1989; Zeman 1994, Aydilek et al. 2002, Misra, 
2013) the long-term filtration performance of geotextile 
materials reveal the excellent filtration capacity of 
these geosynthetic materials. 

The present study aims were (i) to design artificial 
lithologies, capable of purifying the polluted surface 
runoff water generated through precipitation and 
primary treated wastewater and utilized it for 
groundwater recharge via artificial recharge structures 
equipped with artificial lithologies. (ii) To evaluate the 
efficiency and efficacy of these lithologies for 
groundwater recharge. 

Material and Methods 

Vertical Shaft Design 

The vertical recharge shafts were designed to recharge 
groundwater in areas with limited surface runoff and 
usually these structures are formed on the sites of 
abandoned channels, drainage lines and places where 
the area is limited and the water to be treated is less in 
quantity. These shafts were suitable for the watershed 
basin with stream order 1 and 2 due to these generally 
seasonal streams. The length of the designed vertical 
shaft was about 100 cm and the thickness of the 
artificial lithology within the shaft was lm. The total 
cost involved in the creation of one meter lithology 
that was around $10 (Rs. 650/- only). These vertical 
shafts have very high infiltration and purification 
capacity. Perforated pipes were installed below the 



shaft to uniformly distribute the infiltrated water 
(FIGURE 1). 



FIGURE 1 VERTICAL RECHARGE SHAFT 

Horizontal Shaft Design 



Like vertical shaft horizontal recharge shafts were also 
capable of recharging groundwater aquifers. These 
structures were trapezoidal in shape and suitable for 
the construction in places with high surface runoff and 
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FIGURE 2 HORIZONTAL RECHARGE SHAFT 
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discharge. Within a watershed these shafts were 
installed in areas with higher stream order i.e. 3 rd 
order or 4 th order and above. Usually the streams with 
higher orders are perennial. Horizontal shaft allows 
infiltration of large volumes of surface run-off. Their 
length may range from 15 to 20 m and the depth is 
generally taken as 1 m. Perforated pipes were also 
installed below the shaft to uniformly distribute the 
infiltrated water (FIGURE 2). 

Design and Setup of Lithologies 

To test different sets of artificial lithological sections, it 
was planned to construct two lithologies, that is, 
Lithology I and Lithology II, within the laboratory. To 
avoid space problems and testing inconvenience, the 
length of the lithology was taken only one meter. A 
transparent plastic sheet was molded and given the 
shape of a cylindrical pipe having 15 cm diameter. The 
upper end of the pipe was open and lower end was 
fixed with a geocomposite (geogrid + geotextile). 

LITHOLOGY I (Vertical Column Test) 
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FIGURE 3 LITHOLOGY- 1 

The lithology is a cylindrical column with 
diameter 15 cm and depth 1.2m. 

The lithology will be installed within the 
vertical recharge shaft. It is designed for 
experimental analysis to test its infiltration and 
purification capacity. 



• The lithology consist of 50 cm of coarse sand 
layer on the top followed by another 50 cm 
layer of coarse gravel. Both the layers are 
separated by the a geocomposite layer (geotextile 
+geogrid) as shown in the figure 3 

• The geocomposite layer avoids the mixing of 
coarse sand and coarse gravel and also 
enhances the filtration and purification 
capacity of the lithology. 

• Within the lithology coarse gravel of size 2-16 
mm and coarse sand of 0.63-2 mm was used. 

• The lithological setup also includes an 
additional 20 cm of the storage chamber at the 
top where water is poured for purification . 

• The vertical section of the tested lithology of 
vertical shaft is shown in FIGURE 3. 

LITHOLOGY II (Horizontal Column Test) 
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FIGURE 4 LITHOLOGY- II 

The tested lithology was installed in a 
cylindrical column with diameter 15 cm and 
depth 1.2m. 

The lithology will be installed within the 
horizontal recharge shaft that is designed for 
doing experimental analysis and testing its 
infiltration and purification capacity. 

The design includes 3 layers. The thickness of 
the coarse gravel (2-1 6mm) layer was 24.5 cm, 
followed by 24.5 cm thick layer of fine gravel(2- 
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4mm), and 50 cm thick layer of coarse 
sand(>2mm) layer . 

• FIGURE 4 shows the schematic sequence of 
sediments and geocomposite layers within the 
lithology II and FIGURE 5 shows column test. 




FIGURE 5 COLUMN TEST 



Performance of Artificial Lithologies 

Both the lithologies I and II were tested continuously 
for 30 days using municipal wastewater. Both municipal 
wastewater and renovated water were tested for water 
quality parameters such as pH, turbidity, BOD, 
dissolved oxygen (DO), TSS, conductivity, fluoride 
and chloride. 

Result and Discussion 

TABLE 1 and 2 show the water quality analysis results 
of the Lithology I and II respectively. The findings of 
two experiments performed on the artificial set of 
Lithologies I and II at varying municipal wastewater 
concentration were excellent. 



TABLE 1 THE PERFORMANCE OF THE LITHOLOGY-I (VERTICAL), CB/CA 
SHOWS THE AVERAGE VALUES OF WASTEWATER AND RENOVATED 
WATER (CB/CA= CONCENTRATION BEFORE FILTRATION/ AFTER 
FILTRATION). 



Serial 


Parameters 


Lithology 


Percentage of 


no. 


CB 


CA 


residue removed 


1. 


pH 


8.19 


7.48 


8.6% 


2. 


Turbidity(NTU) 


13.70 


3.64 


73.4% 


3. 


TSS(mgA) 


1.138 


0.23 


79.7% 


4. 


BOD(mg/l) 


154 


50.16 


67.42% 


5. 


DO(mg/l) 


4.99 


5.69 


12.4%(increment) 


6. 


Conductivity (Mhos/ cm) 


6.76 


0.371 


94.5% 


7. 


Fluoride (mg/1) 


9.53 


3.10 


64.26% 


8. 


Chloride (mg/1) 


329 


157.8 


52% 



TABLE 2 THE PERFORMANCE OF THE LITHOLOGY-II (HORIZONTAL), 
CB/CA SHOWS THE AVERAGE VALUES OF WASTEWATER AND 
RENOVATED WATER (CB/CA= CONCENTRATION BEFORE 
FILTRATION/ AFTER FILTRATION). 



Serial 


Parameters 


Lithology-II 


Percentage of 


no. 


CB 


CA 


residue removed 


1 


PH 


8.12 


7.30 


10.10% 


2 


Turbidity (NTU) 


15.76 


4.33 


72.53% 


3 


TSS(mg/l) 


1.33 


0.30 


77.44% 


5 


BOD(mg/l) 


164.30 


47.77 


70.93% 


6 


DO(mg/l) 


5.15 


6.63 


22.32%(increment) 


7 


Conductivity(Mhos/cm) 


8.62 


1.25 


85.50% 


8 


Fluoride (mg/1) 


10.13 


2.36 


76.70% 


9 


Chloride (mg/1) 


338.43 


141.74 


58.12% 



Both the lithologies have performed satisfactorily 
without clogging. On the basis of the data on percentage 
of residue removed by lithologies from contaminated 
water, of seven extremely important water quality 
parameters including pH, Turbidity, TSS, Conductivity, 
fluoride, chloride and BOD, the performance of 
lithology-II was found better than lithology-I. 
Lithology-II has removed pH, Turbidity, TSS, 
Conductivity, fluoride, chloride and BOD by 10.10%, 
72.53%, 77.44%, 85.50%, 76.70%, 58.12% and 70.9% 
respectively. As compared to lithology-I, lithology-II has 
simpler structure and there is no repetition of sediment 
layers. Within lithology-I there are three layers of 
geotextiles, and lithology-II is equipped with four layers 
with more complex structure as compared to lithology-I. 
Although the performance of lithology-I is good, but the 
study of the percentage of residue removed data of 
lithology-I, and II shown in TABLEs 1 and 2 reveals that 
lithology II outperforms lithology-I. 

Conclusion 

This study demonstrated that the purification mechanisms 
through an artificial set of lithologies is much better 
than the natural conditions. This conclusion was 
found in accordance with the available literature on 
the testing of natural soil column for purification of 
contaminated water carried out by Beal et al, 2006 and 
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Arye et al, 2011. The study also explained how the 
structural characteristics of the sediments and 
Geotextiles penetration facility affect purification 
capacity based on long-term continuous measurements. 

The findings of the study demonstrated following points: 

• The use of non-woven geotextile along with 
sediments enhance both the infiltration and 
purification capacity of the recharge structures. 

• The tests performed on both the lithologies 
using synthetic water indicate long term 
workability of the structures. 

• The constructions of these recharge structures 
are easily and economically feasible. 

• The designed recharge structures can be easily 
installed and constructed within a watershed 
area. 
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